Abstract We studied species richness and density of rattan palms in 50 plots of 10 9 100 m 2 each between 250 m and 2420 m in eight sites in Lore Lindu National Park (LLNP), Central Sulawesi. Rattans were observed in all sample sites, representing three genera and 34 species. The elevational patterns for species richness and density were humped-shaped with maxima around 1000 m. Polynomial models of second order explained 59 and 32% of species richness and density with the factor elevation, respectively. A majority of rattan species (65%) overlapped between 1000 and 1100 m elevation, while a pronounced change in the rattan flora occurred above 1100 m. Commercially important rattan species (Calamus zollingeri, C. ornatus var. celebicus, Daemonorops macroptera) were not observed above 1250 m. The change of species assemblage was significantly related to elevation (56%), followed by geographical distance (47%) and precipitation (40%). Less than 10% of LLNP is lowland forests, much of which is threatened by agricultural intensification. In contrast, montane forests are well represented in the park and high elevation forests are not subject to agricultural conversion or intensive harvesting of rattan and other forest products.
Introduction
Rattans belong to the palm subfamily Calamoideae and are ecologically and economically important in Asian rainforests (Gentry 1991) . They are characterised by spiny stems and scaly fruits. Most rattans are lianas and climb by means of either a cirrus (an extension of the leaf rachis) or flagellum (a modified inflorescence), both of which are armed with recurved, grappling spines. Palms (Arecaceae) belong to the monocotyledonous plants whose characteristic feature is the absence of secondary growth in diameter. Therefore, their distribution is almost exclusively restricted to the tropics and subtropics because they are physiologically not able to undergo dormant periods and are hence susceptible to frosts (Tomlinson 2006) . Over 600 species of rattan palms (one-fifth of all palm species) occur in Old World tropical and subtropical forests (Uhl and Dransfield 1987) . Calamus is the largest genus of palms with 370-400 species (Dransfield 2001) . The greatest diversity of rattan genera and species occurs in western Malesia (Dransfield and Manokaran 1994) . The Indonesian island Sulawesi is located in East Malaysia and borders Wallace line. To date, 56 rattan species have been recorded from Sulawesi and 37 in Lore Lindu National Park (LLNP) in Central Sulawesi, where they account for approximately 75% of the palm flora (J. Mogea, pers. com.) .
Rattan palms have been used for a wide variety of domestic, non-market purposes by rural communities for centuries (Dransfield and Manokaran 1994) . In the last century, rattan canes have become one of the world's most valuable non-timber forest products (Ros-Tonen 2000) . Approximately 20% of all rattan species are used commercially in the furniture industry or for matting and basketry, and in the 1970 s Indonesia was supplier of about 90% of the world's requirements of rattan (Dransfield and Manokaran 1994) . Rattan canes are primarily collected from wild populations in primary forests (Siebert 2001) . In Malaysia, Sumatra and the Philippines, most important commercial rattan species are already threatened (Sunderland and Dransfield 2002) . While collecting rattan is illegal in LLNP, approximately 18% of the park was estimated subject to intensive commercial cane harvesting, particularly of Calamus zollingeri, in the late 1990s and early 2000s (Siebert 2004) . In addition, virtually all of the land surrounding LLNP is influenced by human activities such as conversion of forests into agroforestry systems or plantations and harvesting of forest products (Schulze et al. 2004; Waltert et al. 2004) .
Sulawesi is a poorly known but biologically important ecoregion (Cannon et al. 2007 ) and basic biological information on the taxonomy and ecology of the island's rattans is lacking (Clayton et al. 2002) . The density and distribution of lianas in general is known to vary with abiotic factors, including elevation, annual precipitation, seasonal precipitation, soil fertility and disturbance (Balfour and Bond 1993; Gentry 1991) , and this would also be expected for rattan palms. Plant species richness and changes in species composition vary markedly with elevation. Some plant groups exhibit a roughly linear decreasing richness with elevation (Acanthaceae: Kessler 2000b , Melastomataceae: Kessler 2001b , whereas others remain constant and then decline abruptly at a certain elevation (Araceae, Palmae : Kessler 2001b) or have distinctive humped-shaped patterns with maximum richness at intermediate elevations (Bromeliaceae: Kessler 2001b , ferns: Kluge et al. 2006 . In general, the diversity of palms declines continuously with elevation (Bachmann et al. 2004 ).
However, the density of lianas may increase with elevation (Homeier et al. 2010) and it is unknown what pattern rattan palms show. Ecological studies of rattan palms are so far limited to Thailand and West Malaysia (Bøgh 1996; Watanabe and Suzuki 2008) , or have dealt with the commercially important rattan species Calamus zollingeri (Siebert 1993 (Siebert , 2000 (Siebert , 2004 and the sustainability of rattan harvesting in Sulawesi (Clayton et al. 2002) . Siebert (2005) , working in southern LLNP between 830 and 1330 m elevation, found that while the density of rattan did not vary significantly with elevation, species richness of rattan was greatest between 1180 and 1280 m.
We here present the first comprehensive study of rattan species richness and density along the complete elevational amplitude of LLNP from lowland forests at 250 m elevation to montane forests at 2420 m. Because our study sites were not located along a single mountain flank, we also included precipitation and spatial components in the analysis.
Study area
Lore Lindu National Park (LLNP) is located about 75 km south of the city of Palu in Central Sulawesi, Indonesia. The park is mountainous and about 90% of the area lies above 1000 m of elevation. The precipitation levels depend on elevation and topography, but mean annual precipitation can be estimated around 2000-3000 mm per year . The surroundings of the national park are inhabited by more than 40,000 people who mainly live from agriculture and harvesting of non-timber forest products (The Nature Conservancy 2001, park profile). The margins of the park are characterized by a mosaic of near-primary forests, secondary forests, forest gardens and small cacao, coffee, maize and paddy rice farms (Kessler et al. , 2009 . Despite designation as national park, much of the forest is subject to uncontrolled extraction of forest resources, particularly rattan (Siebert 2001) . In LLNP the commercially important rattan species with large stem diameter are Calamus zollingeri, C. ornatus var. celebicus and Daemonorops macroptera; other small-diameter species are gathered by the local communities for domestic purposes (local rattan collectors, pers. com.).
The eight study sites ( Fig. 1) were located within LLNP (Saluki, Moa, Palili, Pono, Gunung Nokilalaki, Bariri) and outside of LLNP (Au, Gunung Rorekatimbu). Sample plots were situated randomly in natural and near-natural forest habitats at elevations between 250 and 2420 m ( Table 1 ). The lowland forests of Saluki were disturbed by previous rattan collecting, but no undisturbed forests occur anywhere in the region. Human impact at higher elevations (above 1200 m) was slight and limited to hunting and gathering of some forest products. In Moa and Au 90 and 60% of the households regularly gathered stems of C. zollingeri in the late 1990 s (Siebert 1998) . By 2000 the areas around Moa and Au had been subject to intensive cane harvesting (Siebert 2004) .
Methods

Field sampling
Inventories were conducted between February and August 2008. At each study site we established sample plots of 10 9 100 m 2 which consisted of ten subplots (10 9 10 m 2 ). The sample plots were placed horizontally at one elevation within the surveyed forest area.
A total number of 50 plots were sampled. Subplots were measured, marked with sticks and the following information about the rattan palms was noted: species, number of individuals (including seedlings), growth form (solitary or clustering), number of shoots per cluster and length of the stems. For the clustering rattan species (a form of vegetative propagation), a cluster was considered as an individual. Local assistants (former rattan collectors), who were familiar with the rattan palms, helped with the inventory. With their assistance the rattan species were distinguished, classified as morphospecies and labelled with their local names. For every morphospecies three voucher specimens were collected for later determination at the herbaria of Bogor (BO), Palu (CEB) and Göttingen (GOET).
Data analysis
We determined the species richness and density of rattan palms for all species and for the commercially important species at plot level (0.1 ha). The adequacy of sampling intensity was tested with estimators after Chao (1987, formula 8) . We calculated the Chao 1 index based on the species which occurred in only one or two subplots within plots and the Chao 2 index based on the species represented by only one or two individuals in the plots. Regression models were calculated for the species richness and density against the elevation and the mean annual precipitation with the software R (Version, 2.9.2, URL: www.r-project.org). The data for precipitation were derived from WorldClim (Hijmans et al. 2006 , http://www.worldclim.org). Due to a dependent relationship between elevation (2011) 20:1987-2005 1991 and precipitation, the residuals from the elevational models were used to assess the relationship of species richness and density to precipitation. The elevational range of each rattan species was determined by first dividing the elevational gradient into elevational belts of 100 m. Then, the distribution of each rattan species was assessed by its density (mean value for each elevational belt). Some elevational belts within the elevational gradient were not represented by the studied plots.
Additionally, the beta-diversity (species turnover) of rattan palms between plots was analyzed using the Sørensen index (similarity index). A distance matrix was created with PC-ORD (McCune and Mefford 1999) for the Sørensen index based on quantitative data (density of rattan species). Then, the Sørensen index was compared to the geographical distances of the plots and distance matrices of precipitation and elevation (differences between the plots) with a Mantel test. The correlation coefficient (r) was calculated with the vegan package (Oksanen et al. 2008) in R. With the mantel function the correlation coefficients were calculated for two matrices based on 1000 permutations. Furthermore, the relationship between three matrices was tested with the mantel.partial function. This partial Mantel test is based on Legendre and Legendre (1998) and calculates the relation between two matrices (e.g. species richness and elevation) controlling for the third matrix (e.g. geographical distance). The correlation coefficient was measured for all possible combinations of the three factors (geographical distance, difference of precipitation and elevation).
Results
Rattan species of LLNP
Rattan palms were present in all 50 plots of the study sites. In total, we counted 8996 rattan individuals. Only 26 subplots (5%) had no rattan individuals and were located in plots at Saluki (250, 260, 300 m), Gunung Nokilalaki (1200, 1220, 1400 m) and Gunung Rorekatimbu (2380, 2420 m).
We distinguished 34 morphospecies (Appendix Table 4 ) of which 31 belonged to the genus Calamus, 2 to Daemonorops, and 1 to Korthalsia. Nine species could be identified to species level, whereas for the remaining 25 species only the genus is known. Eleven rattan species grew as clusters and the other 23 were solitary species.
Species richness of the study sites ranged from 3 to 15 species. At Saluki and Gunung Rorekatimbu we found 3 species, 7 at Bariri, 10 at Au, 13 at Pono and Palili, 14 at Gunung Nokilalaki, and 15 at Moa. On average 95% (Chao 1: 93%; Chao 2: 96%) of the estimated species richness were found in the plots (Appendix Table 5 ). Hence, sampling intensities were adequate in the studied sites. The most abundant species were C. leptostachys (2559 individuals), C. sp. 5 (1032 individuals) and C. zollingeri (645 individuals). The latter species was most abundant in number of shoots (3651), followed by C. leptostachys (2561). Almost 90% of the plots were dominated by a single rattan species.
Elevational richness and density patterns
Species richness and density of the rattan palms changed markedly with elevation (Fig. 2) . Maximum species richness was found at around 1000 m. The highest overall richness with 14 rattan species was found in a plot at Moa (890 m). Commercially important rattan species were found only below 1250 m (Fig. 2a) . The density of rattan palms along the elevational gradient also showed a hump-shaped pattern, with highest overall densities (250-500 individuals per 0.1 ha) around 1000-1500 m (Fig. 2b) . The plot with the highest overall density of rattan palms (almost 600 individuals) was located at Gunung Nokilalaki (1500 m). In the lowland forests, commercially important species made up almost all of the individuals.
Polynomial models of second order accounted for 59 and 85% of the variation of overall rattan species richness and commercially important rattan species richness along the Table 2 elevational gradient, respectively (Fig. 2a, Table 2 ). For overall and commercially important rattan species densities, polynomial models accounted for 32 and 54% of the elevational patterns, respectively (Fig. 2b, Table 2 ). On the other hand, no significant relationships were found between species richness or density and precipitation (Table 2) .
Elevational ranges of rattan species
The individual rattan species showed distinct elevational ranges (Fig. 3) . Characteristic rattan palms of the forests below 1200-1300 m were mainly already described species: C. didymocarpus, C. kandariensis, C. leptostachys, C. minahassae, C. ornatus var. celebicus, C. symphysipus, C. zollingeri, D. macroptera and K. celebica. On the other hand, the montane forests were inhabited by mostly undescribed rattan species, although a few undescribed species were also recorded in the lowland forests. On average, elevational species ranges were 515 ± 323 (SD) m, ranging from 100 m (7 species) to more than 1000 m (3 species). The majority of species were found throughout their elevational ranges, but a few species showed gaps of 100-400 m where they were not recorded.
Assemblage composition
Species turnover between plots (beta-diversity) was related to the geographical distance and the differences of precipitation and elevation between plots (Fig. 4, Table 3 ). While many distant plots shared some species, a difference in elevation of more than 900 m led to a complete change in the species set of the plots. Accordingly, the Mantel tests showed that difference in elevation had the strongest predictive power for similarity in assemblage composition (R 2 = 0.56), followed by geographical distance (R 2 = 0.47) and difference in precipitation (R 2 = 0.40). In combination, more than 90% of the variance of assemblage similarity was accounted for, if the difference in elevation was included. In contrast, the combination of geographical distance and difference of precipitation only accounted for 50% of the variance of assemblage similarity.
Discussion
General patterns
Rattan palms are an important component of the tropical rainforest flora in Sulawesi where they represent about 50% (56 species) of the island's palm flora (J. Mogea, pers. com.). In our study, we found 34 species, including 25 as yet undescribed species. Complete The residua of the elevational models were tested against precipitation * P \ 0.05, *** P \ 0.001 identification of rattan palms is often impossible without fertile specimens, which are often not available. In our study only three rattan species were found with fruits (Calamus sp. 14, Daemonorops macroptera, D. sp. 1). Several species were widely distributed in LLNP, among them the commercially important species C. zollingeri, C. ornatus var. celebicus and D. macroptera. Common species of the rainforests above 1000 m (e.g. C. sp. 3, C. sp. 5, C. sp. 16 and D. sp. 1) are still taxonomically undescribed, reflecting the poor botanical knowledge of Sulawesi and the low economical importance of these species. Northern Borneo (Sabah, Brunei and Sarawak) harbours no fewer than 132 rattan species (Dransfield 1984 (Dransfield , 1992 (Dransfield , 1997 , which may suggest that this island is much more species rich in rattan palms than Sulawesi, but Borneo has been much more intensively explored botanically and the large number of undescribed species found by us shows that the rattan palm diversity of Sulawesi may be underestimated. The large proportion of species found by us at single study sites also suggests that further exploration of additional sites in LLNP will likely reveal more species, not to speak of other mountain ranges elsewhere in Sulawesi. Future sampling should also be targeted to specific sites, especially ultramafic and limestone formations due to their unique conditions and demonstrated endemism of rattan flora elsewhere (Dransfield and Manokaran 1994) .
We found rattan palms in all our study plots in and around the LLNP, with species numbers per site ranging from 3 to 15. In Northern Sulawesi, 13 and 18 species were found in an unharvested lowland region and an exploited montane forest area, respectively (Clayton et al. 2002) . On Borneo and Java, Watanabe and Suzuki (2008) found 14 to 17 species in mixed lowland Dipterocarp forests, while 11 species were recorded in a similar habitat in Thailand (Bøgh 1996) . These values are notably higher than at our lowland site at Saluki, but this was in a relatively dry and moderately disturbed forest. On Java, Watanabe and Suzuki (2008) found 7 rattan species at mid-elevation, which is somewhat lower than the diversity found by us at Moa, Palili, and Pono at similar elevations. We conclude that the local species richness of rattan palms in the study region is in the same order of magnitude as that of other areas in Southeast Asia.
A comparison of rattan densities between studies is more complex because different studies have applied different cut-off values for the minimum size of the studied rattan individuals. Furthermore, the identification of young rattan plants is often difficult because not all of the important attributes (e.g. features of the stem) are developed.
Elevational richness and density patterns
The species richness of rattan palms in LLNP shows a humped-shaped elevational pattern with maximum richness at around 1000 m. This pattern contrasts with that usually found in palms (Bachmann et al. 2004 , Kessler 2001b ), but corresponds to that found in rattan palms in Malaysia (Appanah et al. 1993) as well as in many other plant groups (e.g. Bromeliaceae: Kessler 2001b, ferns: Kluge et al. 2006) . While the causes determining elevational richness patterns in plants remain poorly understood, available explanations may be grouped into four factor complexes (McCain 2009), namely (1) current climatic variables such as temperature and humidity (Kessler 2001a; Bhattarai et al. 2004 ), which in turn determine energy availability and ecosystem productivity (Hawkins et al. 2003; Currie et al. 2004) , (2) spatial aspects including regional areal size (Rosenzweig and Ziv 1999) and geometric constraints (Bachmann et al. 2004 , Grytnes et al. 2008 , (3) historical and evolutionary processes (Ricklefs 2004) and (4) biotic processes such as the Rapoport rescue hypothesis (Stevens 1989) or source-sink effects (Grytnes 2003; Kessler et al. 2009 ). With the exception of area, which usually declines continuously with elevation, all of these factors may be related with hump-shaped species richness patterns. As a result, discrimination between the different potential explanations is difficult. In New Guinea, variation in hump-shaped pattern of palm species richness has been linked to the middomain effect (Bachmann et al. 2004 ), but the biological reality of this effect is commonly questioned (Currie and Kerr 2008) . In our study region, many species overlap in their upper or lower elevational limits at 1000 and 1100 m, which may also increase species richness here, but runs contrary to the assumptions of the mid-domain effect which is based on random species distributions (Herzog et al. 2005; Kluge et al. 2008) . The high species richness at mid-elevation could be also related to a lower canopy height (Siebert 2005) , because rattan individuals can reach higher light intensities more easily. The density of rattan palms also exhibited a humped-shaped distribution. Usually, the species richness and density of lianas are highest in tropical lowland forests and decline with elevation (Gentry 1991; Schnitzer and Bongers 2002) , although the opposite pattern has also been found (Homeier et al. 2010) . In Sarawak, rattan palms are more abundant on ridges than in valleys, contrary to other lianas (Putz and Chai 1987) . In Malaysia, rattan palms also reach their highest density at mid-elevations (Appanah et al. 1993 ). Thus, it appears that the density and richness patterns of rattan palms differ substantially from both patterns of palms and lianas in general.
We didn't find any correlation of mean annual precipitation to species richness or density. Unlike temperature, precipitation in the study region varies not only with elevation but also with locality and topography (Dechert et al. 2004 ). Furthermore, our elevational transect reaches the regular cloud band commonly found in humid tropical mountains and ''horizontal'' precipitation may be captured from fog. Unfortunately, no data are available for the study region on this phenomenon. Thus, more detailed measurements are needed to detect any possible relationship of rattan palms to environmental humidity. However, so far correlations between precipitation and rattan palms haven't been found in other studies as well, though some species seem to be adapted to certain soil moisture regimes (Dransfield and Manokaran 1994) .
In addition to elevation and closely related climatic parameters, a set of other factors are also likely to influence the species richness and density of rattan palms. Lianas are more diverse and abundant in forests with gaps (Putz 1984; Hegarty and Caballé 1991; Schnitzer and Carson 2001) and most rattan palms establish and grow more rapidly in forest gaps (Appanah and Nor 1991) . Montane forests have abundant gaps due to landslides and tree falls (Richards 1996) .
Generally, local topography influences the distribution of palms (Kahn 1987) , mainly indirectly through factors like soil conditions, disturbances, heterogeneity of the canopy, and biotic interactions (Svenning 2001) . Indeed, the distribution of rattan palms in north Sulawesi seems to depend on topography (Clayton et al. 2002) . On the other hand, a more detailed survey in our study region only detected a relationship between the slope aspect and community composition of rattan palms, but neither directly with topographic position nor inclination (Getto 2009 ). Rattan palms occur on most types of rock and soil within their natural distribution area (Dransfield and Manokaran 1994) . In fact, differences between upper lowland and montane edaphic conditions in our study region do not appear to affect the rattan flora (Siebert 2005) .
Elevational ranges of rattan species
On average, rattan species in our study region had elevational range amplitudes of 515 m. This is likely an underestimate because not all elevations could be sampled and because it is likely that some species were not found in the study plots at elevations where they are not frequent. The gaps within the elevational ranges may likewise reflect the sampling methods which did not account for low population densities. In any case, an elevational range amplitude of 500 m is in accordance with previously documented range amplitudes of palms (400-1800 m) in Ecuador (Svenning et al. 2009 ). We observed a marked shift in species composition at around 1000 m, where many lowland species reached their upper and many montane species their lower distributional limits. Only eight species (23%) were recorded both below and above 1000 m. A similar elevational segregation at around 1000 m has been found among rattan palms in northern Borneo (Watanabe and Suzuki 2008) . The shift from lowland dipterocarp forests to montane oak-laurel forests in Southeast Asia also occurs around 1000 m (Dransfield 1979) , suggesting that this represents a fundamental vegetation limit in the region.
Assemblage composition
Overall, there was marked turnover in species composition between the study plots. Over half of the 34 rattan species were found in only one or two study sites. We found that elevation was the main factor accounting for shifts in species composition of rattan assemblages. A difference of more than 900 m in elevation led to a complete species turnover of rattan palms. This agrees well with data on bryophytes, ferns, and angiosperms from other tropical mountains, which typically show changes of about 10% per 100 m elevational shift (Kessler 2000a; Bach et al. 2007 ). In addition, geographical distances between study plots accounted for a considerable proportion in the change of species composition between plots. The similarity of tropical tree assemblages generally tends to decrease with the geographical distance (Condit et al. 2002; Duivenvoorden et al. 2002) . This suggests that many rattan palm species have patchy spatial distribution patterns, possibly as a result of varying geological substrates or due to dispersal limitation.
Conclusions
We found that rattan palms exhibit a distinct hump-shaped elevational pattern in both species richness and density that differs from patterns typically found both for other palms and lianas. Fragmentary data from other sites suggest that this may not only be a local phenomenon of our study area, but more typical of Southeast Asia as a whole.
Importantly, however, commercially important species with long stems of large diameters are largely restricted to elevations below 1000 m. This elevational zone is by far the most heavily impacted by human activities and least protected in LLNP in particular (Erasmi et al. 2004; Schulze et al. 2004; Waltert et al. 2004 ) and in Southeast Asia in general. Thus, while there are high rattan species numbers and densities at high elevations largely unaffected by human activities, the use of commercially valuable rattan palms is restricted to lowland forests. The long-term effects of intensive, repeated cane harvesting on species richness and densities remain to be determined. While Siebert (2004) recorded no mortality of C. zollingeri rattans irrespective of cane harvesting intensities and that harvesting stimulated the production of new shoots (i.e., ramets) over four years in southern LLNP, he also found that little harvestable cane (i.e., canes longer than 10 m) remained in these forests due to intensive and unregulated harvesting pressure. Furthermore, harvesting effects will vary by species. Rattans capable of vegetative reproduction, such as C. zollingeri, may persist longer when subject to intense harvesting than solitary rattans that can only reproduce sexually (i.e., that must flower and fruit), such as C. leptostachys. However, even if rattans capable of vegetative reproduction survive intensive harvesting, they are unlikely to produce mature canes that flower or fruit with potentially significant long-term implications for plant growth and survival.
Sulawesi harbours an abundant and diverse rattan flora due to its complex geology, diverse climatic conditions and extreme elevational gradients. Sampling and taxonomic revision still needs to be done to assess actual species richness of Sulawesi. Future studies should also include long-term monitoring and sustainable management of commercially important rattan populations.
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